Introduction
Warfarin remains widely used by patients with cardiovascular and/or cerebrovascular diseases in mainland China. 1, 2 Due to high interindividual variability, the anticoagulant activity of warfarin has to be monitored using the international normalized ratio (INR) to ensure that an adequate yet safe dose is taken. [3] [4] [5] The therapeutic and adverse effects of warfarin depend largely on the percentage of time during which the INR is within the therapeutic range. 6 Anticoagulation clinics can help patients to manage their warfarin therapy and to achieve better clinical outcomes. 7 To effectively manage patients on warfarin therapy, an anticoagulation clinic jointly managed by a physician and a pharmacist has been established at the Beijing Tiantan Hospital since May 2013. The role of the pharmacist is to provide patients with individualized anticoagulant education, management, and follow-up to ensure that their INR values are within the therapeutic goals. However, in our practice, we found that some patients' INR values were always suboptimal, with large variations. It has been shown that patients' knowledge of warfarin can improve anticoagulation control, with a decrease in adverse drug reaction and other associated complications. 8 To date, there have been no studies that have either assessed the knowledge level among warfarin users in mainland China or examined the relationship between patients' warfarin knowledge and anticoagulant control. There is an urgent need to identify the factors related to patients' INR variations through assessment of patients' warfarin knowledge.
Aims of the study
The aims of this study were 1) to assess the knowledge level of patients receiving warfarin therapy in an anticoagulant clinic by using the validated Anticoagulation Knowledge Assessment (AKA) questionnaire and 2) to examine the relationship between patients' warfarin knowledge and anticoagulant control as measured by the INR.
Methods study setting
Beijing Tiantan Hospital is a 1,150-bed tertiary-care, teaching institution. The anticoagulation clinic accepts all patients requiring warfarin therapy discharged from the hospital. Prior to the initiation of warfarin therapy, each patient is educated by the clinic's pharmacist about warfarin therapy, the session generally lasting about 30 minutes on average. The content of the verbal education includes the following: 1) warfarin therapy (treatment rationale, benefits, and length); 2) medication administration (dosing, when to take a dose, how to store the medication, and what to do in case of a missed dose); 3) drug-drug or drug-food interactions; 4) activity or procedure precautions (fall, contact sports, shaving or brushing, surgery, or dental procedures); 5) dietary considerations and consistency; 6) side effects (signs of overanticoagulation or disease recurrence, and what to do in case of bleeding); 7) when to contact clinicians; and 8) laboratory monitoring (INR and frequency). Written education materials are also provided to each patient, including a list of warfarin-interacting medications or foods. For illiterate patients, drawings are used to highlight the main teaching points during verbal education. Patients are asked to read the written information carefully at home and contact the clinic's pharmacist if they have any questions following the reading of the written material. This study was approved by the institution review board of Beijing Tiantan Hospital, Capital Medical University, Beijing, PRC. Written informed consent was obtained from patients after the nature and purpose of the study were explained.
study population and the questionnaire
The study population was composed of patients undergoing warfarin therapy who visited the clinic from September 2015 to June 2017. Inclusion criteria were as follows: 1) patient had received a verbal anticoagulation education and received written educational material before participating in the study; 2) patient had taken warfarin continuously for .3 months to ensure that warfarin had reached the steady state; and 3) patients were able to visit the clinic for each of the 1-month follow-ups and had at least five INR measurements during the 1-year study period.
The AKA questionnaire was selected to assess patients' warfarin knowledge. [8] [9] [10] The AKA questionnaire comprises 29 multiple-choice questions related to different aspects of warfarin therapy. The English questionnaire was translated into a Chinese version according to the standard translation procedures. 11 The following information was obtained from patients' medical records: gender, age, educational level, duration of therapy, and diagnosis. Patients who met the inclusion criteria were invited to the study, and those who consented to the study self-completed the questionnaire at the clinic.
inr monitoring
Patients were required to visit the clinic at regular intervals (every month), and their INR values were measured during each visit. INR testing was performed using a Roche CoaguChek XS handheld coagulation analyzer or ACL9000 coagulation analyzer (Instrumentation Laboratory). 12 The two methods were prevalidated to ensure that the INR results were comparable. The target range of INR was 2.5-3.5 for heart valve replacement and 2.0-3.0 for other indications, according to the hospital anticoagulation protocol. INR control, the
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Assessment of patients' warfarin knowledge and anticoagulation control secondary study outcome, was defined by both the number of INR values within the therapeutic range as well as the time in therapeutic range (TTR), calculated using the Rosendaal method. 13 This method adds each patient's TTR and divides it by the total times of observations. In addition to recording the results in terms of each INR value, patients' adverse reactions to warfarin were also recorded.
Data extraction and statistical analysis
The level of anticoagulation knowledge was determined based on the total score on the AKA questionnaire and the number of questions answered correctly. Each question was graded and was given one point for a correct answer or zero for a wrong answer. To avoid grading errors, each questionnaire was graded by two study investigators. Patients who answered at least 21 questions correctly (72.4% correct) were considered to have obtained a passing score, as suggested in a previous study using the AKA questionnaire. 10 Statistical analyses were conducted using SPSS (version 19.0; IBM Corporation, Armonk, NY, USA). Continuous variables were expressed as mean ± SD, and categorical data were presented as numbers and percentages. Spearman correlation analysis was used to investigate the association between TTR and the independent variables (gender, age, duration of warfarin therapy, education level, and AKA questionnaire score). Significance was defined as P-value ,0.05.
Results

Baseline characteristics
Totally, 125 patients met the inclusion criteria and were invited for the study; 71 patients consented, and 70 completed the questionnaire (98.6% completion rate). A total of 65 valid questionnaires were included for the final analysis (four patients failed to come to the clinic for follow-ups, and one patient had less-than-five INR measurements). The demographic and clinical data of the patients are presented in Table 1 .
The mean age of the patients was 67.4±13.0 years, and the sample included 35 female patients (53.8%). Nine patients (13.8%) had only completed primary school education, a total of 6 years' schooling. The majority of patients were being treated for atrial fibrillation (n=44, 67.7%). Other indications included pulmonary embolism (n=9, 13.8%) and valve replacement (n=5, 7.7%). Indication categories are not mutually exclusive, and patients with multiple indications were included in all applicable categories. Most patients had been treated for at least 1 year, except that two patients (3.1%) were treated for ,1 year. For the assessment of individual INR goal values preset by the clinic, 60 patients (92.3%) had a goal range of 2-3, and five patients (7.7%) with heart valve replacement had a goal range of 2.5-3.5. A total of 858 INR values were recorded, 432 INR values (50.3%) reached the predefined goals, and the mean TTR was 49.8%±24.8%. Among the 65 patients, two patients had minor bleeding and one patient experienced a thromboembolic event during the study period. (Table 2) .
Association analysis
No significant association was found between age or the duration of warfarin therapy on the one hand and the TTR on the other (Table 3 ). As shown in Table 3 and Figure 1 , 
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Discussion
This study was the first to assess warfarin knowledge level among clinical patients in mainland China. In the study population, 90.8% patients were found to have inadequate knowledge about their warfarin therapy. This number was higher compared to the result in studies conducted in Canada (61%) 14 and the US (74.1%) 10 but was lower than the study conducted in Nepal (94.1%). 8 Although direct comparison of study results is difficult because patient education methods and study methodology varied among warfarin clinics and study samples, our findings indicated poor knowledge level in our study population.
Eleven questions were answered correctly by ,50% of the patients. Five questions covered drug or diet interactions with warfarin: alcohol (Question 6), multivitamins (Question 7), pain medications (Question 1), antibiotics (Question 12), and herbals (Question 18). Question 1 addressed pain medications that can be safely used to relieve headache. Most patients indicated that they did not experience headache while on warfarin therapy, and they were not educated about this topic. Two more questions with the most-often-incorrect responses Since most patients in our study required either long-term or lifelong warfarin therapy, 35.4% patients chose the answer "taking the medication on a lifelong basis".
These frequently incorrect-response-yielding questions indicate potential areas for improvement in patient education, in addition to representing potential starting points for reeducation of current warfarin patients and future targeted education for new patients seen in the clinic aimed at the clinic's pharmacist. For example, the meaning of INR should be explained in plain, easy-to-understand language: "the INR provides some information about a person's blood's tendency to clot (which is often described as how "thin" or "thick" your blood is), and warfarin is used to raise the INR and dilute ("thin") the blood to reduce the risk of blood clot. When your INR is too high, you will most likely experience minor bleeding". Patients should be educated about how single excessive drinking causes an increase in INR and the risk of bleeding. Prior to taking over-the-counter multivitamins and "all natural" herbal supplements (agents with the perception of being safe due to their over-the-counter availability), patients should consult with their physicians and/or pharmacists whether these supplements may interact with warfarin. The most common prescription drugs that may have significant drug interactions with warfarin, such as certain antibiotics, should be reviewed with patients. Before taking these interacting medications, patients should seek advice from clinicians. Both common bleeding signs/symptoms and nonbleeding adverse effects of warfarin should be communicated to patients, along with the proper course of action to take should these events occur. It is also very important to tell patients that the duration of their warfarin therapy depends on their disease states and is individualized and that they should not stop the therapy on their own. Currently, we are conducting the reevaluation of our current standard patient education methods and instructional materials based on this analysis, and more-targeted individualized patient education will be offered to the clinic's patients by the clinic's pharmacist.
TTR is important for the safety and effectiveness of warfarin anticoagulation, and it is a way of summarizing the INR control over time. Among the 65 study patients, the mean TTR was 49.8%±24.8%, which was inadequate according to the recommended level of anticoagulant control (.60.0%). 15 This result was worse than the TTR presented by other authors. 7, [15] [16] [17] The reasons explaining our low TTR require further investigations.
The existing literature indicates mixed results when assessing the relationship between patient warfarin knowledge and INR control. A study conducted in Hong Kong found that knowledge was a determinant of anticoagulation control, and more attention should be given to the education of elderly and illiterate patients. However, only nine questions were used to test patients' knowledge of warfarin therapy, and another limitation was that only four INR results were reviewed per patient in that study. 6 A study conducted in the US reported that there was no significant relationship between patient warfarin knowledge and INR control. 10 Another study carried out in Malaysia reported that there was a negative correlation between patients' knowledge and age, as well as a positive correlation between patients' knowledge and education level. 18 Our study found that TTR was positively related to both the patients' anticoagulation knowledge level and the patients' educational level, whereas other factors, such as age and duration of warfarin therapy, had no effect on the TTR. Based on our findings, pharmacists should spend more time or find innovative teaching techniques to educate patients with low educational levels and use the AKA as a tool to provide reeducation to current warfarin patients based on the knowledge deficits identified herein.
Our study has the following limitations: 1) the small sample size drawn from a single clinic; a large-scale and multicenter study would be necessary to generalize the study findings; and 2) aspects that could lead to INR variations, such as diets and use of herbal and/or dietary supplements, were not assessed.
Conclusion
Majority of the patients of our clinic had poor level of knowledge on warfarin. There was a significant association between the INR outcome measure and both the patients' educational level and warfarin knowledge. The frequently few correct-response-generating AKA questions represent potential areas for improvement in patient education. Pharmacists should reevaluate current educational materials and techniques to provide individualized and targeted warfarin patient education.
